Spectral and functional properties of haemoglobin in human whole blood by Zwart, Albert
  
 University of Groningen
Spectral and functional properties of haemoglobin in human whole blood
Zwart, Albert
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1983
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Zwart, A. (1983). Spectral and functional properties of haemoglobin in human whole blood. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
i ls of combinarion of hemo-
ondon) 44:  275-304, 1912.
red cell 2, 3-diphosphoglyce-
.Acad.Sci .  USA 61 :  756-760,
human blood during partial
nolecules of haemoglobin on
t0.
Detter. Influence of carbon
tol  4 l :891-899,1976.
ratology. Recommendations
n blood (ICSH Standard EP
rbincyanide reference prepa-
:  139-143,1978
:iation curve of human blood.
l inked analysis of  2,3-DPG:
Clin.Med. 7 7 : 47 0- 47 5, 197 5.
I  carbon monoxide on equi l i -
210 471-47),  1976.
I rotating tonometers for the
stant temperatures. Pfhigers
r monoxide on the oxyhemo-
14.
de.  In:  Handbook of  Physio-
964,sect .  l ,  vol .  1,  chapt.  31,
wi th human hemoglobin in
f smoking on tissue oxygen
ing oxygen saturation photo-
. f  .Cl in.Lab. lnvest .  37 (Suppl .
rn monoxide from the blood.
rnisme d'action de I'oxyde de
Respirat ion 43:  45-50,  1982.
nat ion of  haemoglobin der i -
In: Methodology and physio-
)ert Panel on pH and blood
ra.  Groningen, The Nether-
:ygen dissociation curves for
s ly measures pO, and I , ,  in-
3: 1281-1292, 1982.
Summary
This thesis deals with the spectrophotometric determination of
haemoglobin derivatives, a technique for measuring the oxygen
dissociation curve (ODC) of whole blood, and with the determination
of the influences of pH, temperature, 2,3-diphosphoglycerate (2,3-
DPG) and carbon monoxide on the ODC.
After a short introduction to these subjects in Chapter I, a method
is described in Chapter II for the simultaneous spectrophotomerric
determination of the five clinically relevant haemoglobin derivatives,
i.e. Hb, HbO,, HbCO, Hi, and SHb. The blood sample is haemolysed
and the absorbance is measured at f ive wavelengths. Together with
the l ightpath length and the 5*5 mill ir: iolar absorptivit ies, this yields
5 equations with 5 unknowns, which are solved by matrix calculation.
The results of the five-wavelength method agree well with those of
conventional methods for the determination of the five haemoglobin
derivatives separately.
Chapter III deals with the comparison of the fiue-wavelength
method with a commercially available apparatus employing a four-
wavelength method (lL 282 CO-Oximeter). The two methods are in
fair agreement concerning the determination of Hb, HbO2, HbCO,
and Hi, for which the IL 282 was constructed. The determination of
SHb cannot be measured with the lL 282. It appeared from the com-
parison, however, that a reasonably good estimation of the SHb
concentration is possible. Is also turned out that the IL 282 gives
erroneously high HbCO values when fetal haemoglobin is present.
In Chapter IV a method is described for the simultaneous deter-
mination of Hb, HbO2, HbCO, Hi, and SHb using many more
equations than there are unknowns present (overdetermined sys-
tem). The method involves the use of a new type of spectrophoto-
meter (HP 8450 A UV/Vis), which makes it possible to measure a
complete absorbance spectrum in less than one second. The built- in
computer of the spectrophotometer is equipped with a calculation
procedure for solving the equations of an overdetermined system.
Prior to the analysis, the pure spectra of the five derivatives were
determined and stored in the computer. This multi-wavelength
method asrees well with conventional routine and reference methods
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for the separate determination of the derivatives. In fact, this multi-
wavelength method is superior to the five-wavelength method.
Chapter V contains a short explanation of the nature of the effect
of pH, CO2, 2,3-DPG, temperature, and carbon monoxide on the
ODC. The oxygen-linked binding of protons and CO, to haemoglobin
is described in relation to their effect on the ODC. By means of a typi-
cal example, the Hil l plot is briefly explained and it is shown that in
whole blood the energy involved in the transition from de-oxy- to
oxy-haemoglobin is exclusively determined by an entropy effect.
In Chapter VI the measuring principles of a new system for recor-
ding ODC's in whole blood are described. Measurement of an ODC
with this system is possible with a coëfficient of variation of {2%.
In addition the influence of plasma pH variation upon the ODC is
described. The ODC is shifted to the right on a decrease in pH. This
effect, expressed as H* factor, was almost independent of So,, which
means that there is hardly any change in the shape of the ODC when
pH is varied.
The effect of temperature changes upon the ODC is described in
Chapter VII. The ODC is shifted to the right on an increase in tem-
perature. This effect, expressed as the temperature coëfficient (TC),
was found to be invariant with Sor, which implies that the shape of
the ODC stays the same when temperature is varred. Together with
the simultaneously measured proton release during oxygenation of
the haemoglobin, it is shown that the TC depends on pH over the
entire So, range in an identical way. Conversely, the H+ factor de-
pends on temperature at all So, values in the same way. The apparenr
heat of oxygenation proved to be the same for each of the four oxy-
genation steps.
Chapter VIII describes the effect of two extreme levels of 2,3-DPG
upon ODC. The ODC is shifted to the right on an increase in intra-
erythrorytic 2,3-DPG concentration. \ i l7hen the 2,3-DPG concenrra-
tion in the erythrorytes is decreased to virtually zero, the shape of the
ODC becomes sheeper, while on increasing the 2,3-DPG concenrra-
tion to 3.5 times the normal concentration, the shape does notchange.
The effect of plasma pH variations upon the ODC was considerably
smaller at both extreme 2,1-DPG levels. Only at a very high 2,3-DPG
concentration a small So, dependence of the H* factor is founc.
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The effect of carbon monoxide upon rhe ODC is described in
Chapter IX. In the presence of increasing amounts of HbCO, the
ODC shifts to the left and becomes gradually more hyperbolic. At
HbCO fractions (FHsco) of 14% and 327o, the H* factor vs So, curve
is not differenr from the curve in the absence of HbCO, whereas at
Fnuco : 527o, the effect of plasma pH ïariations upon the ODC is
considerably larger, and there is no So, dependence. From a com-
parison of measured and calculated ODC's in the presence of HbCO,
it turned our rhat at FHbco > 50% the heme-heme interaction for CO
is larger than for Or, while at Fnrco( 507o there is no difference. The
very toxic effect of CO is due to a reduction in active haemoglobin and
to a strong reduction of the pO, gradient from the capillaries to the
tissue cells.
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